Despite the benefits arising from incorporating crop residue in the soil, some farmers decide to burn or sell it. The objective of the work described in this paper was to quantify the adoption of crop residue incorporation by Italian farmers, and to identify the barriers and drivers that they perceive towards this agricultural management practice.
Introduction
Soils are a key component of ecosystems. Soils provide a habitat to plant roots, store water and nutrient and supply them to plants, recycle raw materials, and host a wide array of living organisms. Soil's life is fuelled by the addition of organic materials, like crop residue. Crop residue is the plant material remaining in the field after harvest of the useful product. Crop residue includes stems, leaves and parts of plant's reproductive structure that are not harvested, for example maize (Zea o n l y mays L.) cob. Farmers may decide to leave the residue in the field and, under conventional tillage, to plough it in the soil. Incorporation of crop residue in the soil has a number of demonstrated benefits: it increases soil organic matter content , crop yield, and soil aggregate stability , and enhances soil life (Perucci et al., 1997) . Conversely, other authors report that crop residue coverage decreased yield due to poor weed control, excessively wet and cold soils, and poor seed placement and stand (Swan et al., 1994) . Wilhelm et al. (2004) reported contrasting effects of repeated straw incorporation on crop nitrogen (N) uptake at harvest and maize yield. Despite the advantages of residue incorporation on the sustainability of the soil, some farmers may decide to burn or sell it. Quantitative information is lacking about the rate of adoption and reasons for adopting this practice in Italy.
The objective of the present work was to quantify the adoption of crop residue incorporation by Italian farmers, and to identify the barriers and drivers that they perceive towards the incorporation of crop residue in the soil.
One way to understand a farmers' reasoning behind adoption of agricultural management practices is to adopt a behavioural approach, referring to studies that employ actor-oriented quantitative methodologies for the investigation of decision making (Burton, 2004; EdwardsJones, 2006) . This approach has been proven successful for performing attitudinal research and allows identifying the nature of the barriers in adopting agricultural management practices (Wauters et al., 2010; Wauters and Mathijs, 2013) .
Theoretical framework
In this study we applied a behavioural approach, based on the theory of planned behaviour, according to which individual beliefs about a behaviour or practice are believed to determine intention and behaviour (Ajzen, 1988; Ajzen, 1991) . The probability that an individual will actually perform behaviour increases with his/her intention to behave. The intention of a farmer to implement a certain management practice is determined by the degree to which implementing the practice is evaluated positively or negatively by the farmer (attitude), the feeling of social pressure from others (called referents) to perform or not perform a certain practice (subjective norm) and the subjective beliefs about the ease or difficulty of successfully performing the practice (perceived behavioural control) (Figure 1 ). According to the theory of planned behaviour, attitude is formed by the belief that the behaviour will be associated with a set of outcomes (behavioural belief strength), weighted by an evaluation of these outcomes (outcome evaluation). Subjective norm is thought to be a function of how much we perceive others (called referents) think we should perform the behaviour (normative belief), weighted by our motivation to comply with these referents. Finally, perceptions of behavioural control are determined by the belief that a set of control factors facilitate or obstruct the behaviour (control strength), weighted by the expected impact that these factors would have if they were to be present (control power). All these underlying subjective beliefs influence a farmers' intention to adopt a certain practice, and are acting as cognitive drivers or barriers, which encourage or discourage the farmer to adopt a specific practice.
Materials and methods

Farm type zones
To address the large variability of Italian farming and cropping systems, we identified three farm type zones (FTZs); this study was conducted in each of these FTZs. These farm type zones are combinations of agri-environmental zones (based on soil and climate data: Metzger et al., 2005) with farm specialisation data (Hijbeek et al., 2013) . Farm type zones represent combinations of farm type and biophysical setting. Among the Italian FTZs, we have selected the most important ones in terms of area covered: IT1 (dairy farms in the plain of northern Italy), IT2 (arable farms without relevant livestock, in the plain of northern, central, and southern Italy), and IT3 (arable farms without relevant livestock, in the hill of central and southern Italy). As a consequence of this choice, crop residue in this research was mainly intended as maize stalks and winter cereal straw. The issue of residue incorporation is important in arable farms located on soils with low organic matter content. Fantappiè et al. (2010) have indicated that current estimates of soil organic carbon (C) concentrations are significantly lower than those of about 30 years ago, particularly in soils under arable crops.
General strategy
We applied a sequential mixed method, by combining qualitative and quantitative research techniques at different stages in time (Creswell and Clark, 2011) . In this study, the major quantitative data collection was preceded by a preparative qualitative step. First, preliminary semistructured interviews were conducted to identify all behavioural outcomes, normative referents and control factors for incorporation of crop residue. However, to assess whether these outcomes, referents and control factors confirm the opinion of a larger population of farmers, a large-scale survey was set up as a second step of the mixed method. After this major quantitative data collection, focus groups with farmers and other stakeholders were organised as a final qualitative step.
Preliminary semi-structured interviews
Twenty-four preliminary semi-structured interviews (7, 8, and 9 in IT1, IT2 and IT3, respectively) Analysis of preliminary semi-structured interviews and preparation of the questionnaire After the interview, we listed all the answers received, and grouped those that were mentioned by more than one farmer. We collected 8, 8, and 16 outcomes (respectively in IT1, IT2, and IT3); 2, 5, and 9 referents; and 8, 10, and 14 control factors. From this large set of answers, we made a selection for inclusion in the questionnaire to be sent to farmers, by incorporating outcomes, referents and control factors that were mentioned by more than one farmer. In a few cases, we included answers mentioned only once in one FTZ, if these were mentioned more than once in another FTZ. The final questionnaires contained 5, 8, and 7 outcomes (respectively in IT1, IT2, and IT3); 2, 3, and 3 referents; and 3, 3, and 7 control factors.
For each outcome, each referent and each control factor included in the questionnaire, one question regarding belief and one question regarding weight were included. Besides these questions to reveal subjective beliefs of the farmers on these outcomes, referents and control factors, we asked the farmer whether crop residues are incorporated on the farm and on all or part of farm area (adoption question), and we included three questions regarding the intention to incorporate the residue during the next year. The three questions expressed the same concept with a different wording (I will incorporate crop residue next year, I will adopt crop residue incorporation next year, and Next year I have the intention to practice crop residue incorporation) and were randomised within the questionnaire. These replicated questions were used to estimate the internal consistency of the answers received. Internal consistency of the scale was measured by Cronbach's a (Cronbach, 1951; cut-off value of 0.7).
Finally, some questions on general farm characteristics were included: localisation, age of the farmer, farm size, area devoted to different crops, number of livestock, tillage methods used, soil texture, and soil slope of farm parcels.
During June 2013 the draft questionnaire was tested with a small number of farmers, to check clarity and time for compilation. For dissemination of the questionnaire to farmers, we were dependent on the support of many persons throughout Italy, ranging from advisors of professional organisations, producer associations, to advisors attached to the RICA network. These persons have sent the questionnaire to farmers, and took care of sending the answers back to us. The questionnaires were returned during the summer and autumn 2013.
Data analysis
Using the answer to the questions Do you incorporate crop residues on at least a portion of the farm area?, we distinguished adopters (who answered yes) from non-adopters (who answered no). We then calculated the mean of each answer separately for adopters and nonadopters. These means were analysed by assuming that answers in the central range (2.5-3.5) of the interval can be classified as neutral, while answers outside this interval are not. We then decided that an outcome, referent or control factor: i) is a driver for adopters and nonadopters if the mean answer on both questions related to each outcome, referent and control factor was not in the range 2.5-3.5 for both groups of farmers (for example, mean behavioural belief strength = 3.8 and mean outcome evaluation = 4.3); ii) is a driver only for adopters if the mean answer on both questions related to each outcome, referent and control factor was not in the range 2.5-3.5 for adopters, and at least one of the two paired answers was in the range 2.5-3.5 for nonadopters; iii) is a barrier for adopters and non-adopters if the mean answer on both questions related to each outcome, referent and control factor was not in the range 2.5-3.5 for both groups; iv) is a barrier only for non-adopters if the mean answer on both questions related to each outcome, referent and control factor was not in the range 2.5-3.5 for non-adopters, and at least one of the two paired answers was in the range 2.5-3.5 for adopters.
For each farmer and each outcome, referent and control factor, we finally calculated the combined effects (as indicated in schema of Figure 1 ) of the two-paired answers using these equations:
attitude = behavioural belief strength × (outcome evaluation -3)
(1)
subjective norm = (normative belief -3) × motivation to comply (2)
perceived behavioural control = control strength × (control power -3) (3)
These combined effects can range from -10 to +10. The results of this analysis are reported in Table 1 , which contains the combined effects; asterisks are used to indicate drivers and barriers.
Results and discussion
We received a total of 315 questionnaires from 16 regions and 54 provinces. Respondents were mostly men of 30-60 years. In about half of the farms, the farm size was smaller than 50 ha. The major crops were maize and common/durum wheat (Triticum aestivum L. and Triticum durum Desf.). Most of the farms adopted traditional tillage, while no-tillage was adopted only by a minority. Irrigation was practiced regularly in IT1. A percentage of sixty-nine, 93% and 69% of the respondents incorporated crop residue on at least a portion of farm area, respectively in IT1, IT2, and IT3. We obtained Cronbach's a of 0.97, 0.92, and 0.96 in IT1, IT2, and IT3, respectively, indicating excellent internal consistency. The average answer to the three intention questions was 3.32, 4.42, and 3.64 in IT1, IT2, and IT3, respectively (given on 1-5 scale, with 1 = No, and 5 = Yes).
All cognitive drivers and barriers resulting from this study were assigned to categories (Table 1 ). The categories soil and environment, financial, cultivation technique and social had a similar number of drivers and barriers (6, 9, 7, and 7, respectively), while legislation contained only one driver. The category social included five referents and two control factors. Cultivation technique and soil and environment contained mostly outcomes, while financial contained both outcomes and control factors.
Soil quality
Farmers are well aware of the positive effects of crop residue incorporation on soil sustainability: with the application of this practice, they consider an improvement of soil structure, an increase of soil organic matter, and of soil fertility more in general very likely. Moreover, they believe these advantages can be translated into increased crop yields and reduced use of mineral fertilisers. This is indicated (Figures 2 and 3 ) by high behavioural belief strengths. These results are similar to the observations in four European countries (Bijttebier et al., 2014) . Considering that these outcomes are highly desirable (as indicated by their high outcome evaluations), they can be considered as important drivers towards the incorporation of crop residue in the soil (Table 1) . Indeed, their attitude was rather high. This belief of farmers is well supported by scientific literature, reporting that crop residues may act as a source of nutrients or as a source of stable organic matter which improves soil physical, chemical, biological and hydraulic characteristics (Blanco-Canqui and Lal, 2009; Powlson et al., 2011) . Zavattaro et al. (2012) reported that maize produced more total biomass when crop residues (stalks, cobs, and bracts) were returned to the soil. Behavioural belief strengths of soil-related benefits of crop residue incorporation are high for both adopters and non-adopters. This suggests that, while operating in rather heterogeneous conditions, adopters and non-adopters expect their cropping systems to behave similarly regarding the effects of crop residues. One possible conclusion is that adopters are not concentrated in one part of the FTZ (with non-adopters occupying the remaining part).
Improved soil fertility might lead to an increase of grain wheat protein concentration. This was identified as a driver for adopters in IT2.
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Residue decomposition in the soil
During preliminary semi-structured interviews, arable farmers complained that, particularly in areas with clay soils and low rainfall, crop residues do not decompose rapidly in the soil. For several of them this appeared to be a very serious constraint to the incorporation of residue in the soil. Some authors, such as Børresen (1999) and Silgram and Chambers (2002) , observed N immobilisation during the decay of the straw. We have therefore included questions in IT2 about the slow decomposition of residues (an outcome) and about the environmental conditions that slow down decomposition (a control factor). The answers received did not allow us to classify them as barriers: the outcome of a slow decomposition received a mean of about 3 for both the behavioural belief strength and the outcome evaluation, indicating that this was not considered a very likely event and that, even if it would occur, it was not perceived as a very good or a very bad thing ( Figure  2 ). The environmental conditions that slow down residue decompositions were not perceived as particularly strong (mean control strength of about 2.5); however, if present, their effect was perceived to make crop residue incorporation more difficult (mean control power of about 2). This situation explains other findings of the study. First of all, some farmers in IT3, mainly non-adopters, indicated to prefer giving the straw of winter cereals for free rather than incorporating it in the soils of their farm (Figure 3 ). This might mean that non-adopters have more possibilities compared to adopters to give the residue for free (mean control strength of 3.79), and that in their opinion this hampers them from incorporating crop residue in the soil (mean control power of 2.79). Another issue connected to the decomposition of residue in the soil is the expected increase of nitrogen fertiliser use (Figure 4) : it is well known that, to favour residue decomposition, inorganic N shall be applied when incorporating residue, due to the high C/N ratio of residue biomass. The farmers in IT2 and IT3 are aware of this, which is of course not desirable; we considered it as a barrier for nonadopters in IT2 and IT3.
To circumvent the problem of slow residue decomposition, in some Italian regions farmers used to burn crop residue. Despite the loss of organic matter and risk of fires, this is seen as a convenient way to dispose of the residue biomass and to avoid risks of pests and diseases. The legislation now forbids this practice in most areas. We have verified ( Figure 5 ) that in IT2 and IT3 restrictive legislation is a driver towards residue incorporation in the soil ( Figure 5 ). Finally, crop residue might also hinder the sowing of the following crop (Figure 4 ): this barrier was verified in IT3.
Weeds, pests and diseases
During the preliminary semi-structured interviews, farmers have expressed concerns that the incorporation of residue in the soil (opposed to removing them from the field) could increase the number of weeds, or the pressure of fungi and pests. Scientific experiments confirm that some crop diseases and pests can be enhanced when straw is either left on the surface or only incorporated to shallow depth just before sowing. Blandino et al. (2012) reported that residue incorporation decreased fungi attacks in wheat, when compared to nonincorporation (interaction with tillage). Maiorano et al. (2008) showed that residues lying on the surface of the soil played a major role on Fusarium spp. infection and on the subsequent deoxynivalenol contamination; similar results were obtained by Dill-Macky and Jones (2000) . Our results (Figure 4 ) indicate that these outcomes were not drivers or barriers due to mean behavioural belief strength of about 3, indicating that farmers did not believe that these drawbacks were particularly likely.
Financial issues
The role of market was not unequivocally described by the questionnaire results (Figure 3) . After the preliminary semi-structured interviews, we expected that the possibility to sell the straw would be a barrier against residue incorporation in the soil. This issue was tested with different questions in IT1, IT2, and IT3. The answers received did not allow us to confirm our expectation. The access to market of winter cereals straw was not a barrier in IT1 because, while farmers believed that have access to this market (high control strength), they did not perceive this condition as discouraging towards crop residue incorpo- o n l y ration (mean control power of about 3). We realised only after completing the survey that, while we intended that the access to straw market was aimed at access to market for selling residues, this could have been interpreted by some respondents as access to the market for buying straw. Earning money through crop residue selling was not a barrier to residue incorporation in IT2. Although it would be desirable to obtain an additional income by selling crop residues (high outcome evaluation), the probability of this event was not considered as very likely (low behavioural belief strength). In addition, in IT2 farmers have clearly indicated that the residue price is not high (the control factor high price of crop residue received a low mean control strength). Similar results were obtained in IT3, where the loss of income as a result of not selling the residues was not considered very likely. Consistent with this indication, farmers in IT3 have also indicated that it is not easy to sell crop residues (mean control strength of about 2 for the factors possibility of selling crop residue and high price of crop residue). In IT2 and IT3 the high price of crop residue was identified as a barrier to incorporation only for non-adopters.
Article
In IT1 the most obvious disadvantage of crop residue incorporation was the increase of straw requirement at farm scale (mean behavioural belief strength of 3.7): in a dairy farm, if the straw produced in the field is incorporated in the soil (and therefore cannot be used as litter), other straw has to be bought on the market, which is not desirable (mean outcome evaluation of 1.9). Therefore, this outcome was a barrier in IT1, but only for non-adopters. A t-test to compare adopters and non-adopters identified a significant difference (P<0.05) between the two groups for the behavioural belief strength of the increase of straw requirements, which was considered less likely by adopters. This might be linked to different animal housing systems in the two groups of farmers (with the adopters requiring less or no straw in the stable).
Finally, in IT3 we have also surveyed the importance of costs of residue incorporation. The answers indicated that incorporation costs were a barrier for non-adopters only.
In between financial and cultivation technique is the availability of adequate machinery (Figure 4) . This control factor was tested in IT1 and IT3. In both FTZs, adopters think that adequate machinery is available on the farm to manage crop residue and that it was a factor favouring residue incorporation; therefore we classified it as a driver for adopters. This result was in partial contrast with the findings emerged from the semi-structured interviews, when several farmers from the South of Italy complained about the lack of straw-chopping tools on combine harvesters used in their area.
Social issues
In IT1 and IT2 we have included questions about the role of knowledge ( Figure 5 ). The knowledge on the advantages of the incorporation (Table 1 ) was a driver in IT3 for adopters, and the lack of knowledge was not a barrier in IT1.
Among the referents, none of the referents (other farmers, advisors of companies selling production factors, companies that collect crop residues, advisors of producers associations, family members: Figure  5 ) could be classified as a driver or a barrier (Table 1) . It is worth noting that a t-test conducted to compare adopters and non-adopters indicated that the normative belief was significantly different between the two groups (P<0.001), while the motivation to comply was not. This occurred for all referents, with only two exceptions: companies that collect crop residues in IT2, and advisors of producers associations in IT3. This means that adopters are surrounded by referents whom they believe to be more in favour of residue incorporation compared to nonadopters, while the two groups trust the referents to the same extent. In other words, it is not a matter of how much value the farmer adds to the opinion of his referents, but a matter of what a farmer thinks his referents think he/she should do. In IT2, companies that collect crop residues (e.g., connected to the paper industry) did not appear as being strongly in favour or against residue incorporation (median normative belief of 3). This was somewhat unexpected, because during preliminary semi-structured interviews several farmers had insisted on the interest towards straw collection by subjects external to the farm. In IT3, the advisors of producer associations are positive towards the incorporation of crop residues (high mean normative belief), but farmers do not give sufficient weight to their opinions (as seen by the motivation to comply). Family members are less insisting on the adoption, and therefore have a lower subjective norm compared to the other referents.
Conclusions
This survey has demonstrated that farmers are well aware of the advantages of crop residue incorporation on the improvement of soil fertility and the increase of crop yield. These outcomes, together with the prohibition of crop residue burning, were the most important drivers identified in this work. Being aware of the advantages of crop residue incorporation was identified as a driver both by the quantitative methodology applied, and by the interviews. This finding emphasizes the need of an effective advisory service.
Regarding the role of market, we did not reach any conclusive result. While it would seem logical that the demand of cereal straw would discourage residue incorporation, the results show that this was not true for the farmers interviewed. In some cases, traditions have an important impact on a farmers' decision whether or not to sell or incorporate residue, with only a weak relation to market conditions (high or low residue selling price).
From the social point of view, even if the methodology applied did not identify any of the referents as an important barrier or driver, we have measured important differences with respect to the perceived opinion of the social environment between adopters and non-adopters of the practice, a fact which emphasizes the importance of an encouraging social environment for the propagation of ideas and of good practices. The survey did not indicate that farmers are particularly worried about crop residue as potential sources of weeds, pests and diseases.
We conclude that farmers need clearer and conclusive information about the conditions favouring straw degradation in soil, the seedbed preparation problems in the presence of crop residues, and the effects of crop residue incorporation on weeds, pests and fungi (not only under conventional tillage, but also with minimum-and no-tillage).
